Hydroxyl (OH) masers at two Galactic sites of massive star formation have been studied using the Long Baseline Array of the Australia Telescope National Facility. The 6035-and 6030-MHz OH excited-state transitions were observed, yielding a series of maps at velocity spacing 0.10 km s 
I N T RO D U C T I O N
Newly forming massive stars commonly exhibit maser emission from several molecular species, most notably from OH, methanol and water. Since the maser emission can precede the ready detection of the stellar emission, the hosts are often referred to as massive young stellar objects, occurring in star-forming regions (SFRs). Typically, many small maser spots are spread over a site of up to 30-milliparsec (mpc) diameter, enveloping the star. The masers allow detailed probing of the physical conditions around the star, with measurement of magnetic fields from OH masers especially simple and reliable. This is possible because Zeeman splitting (proportional E-mail: james.caswell@csiro.au (JLC); bkramer@mpifr.de (BHK) to the magnetic field strength) is readily detectable in fields of only a few mG. Specifically, in a 1 mG magnetic field, a spectral line will be split into two components of primarily opposite circular polarization, separated in frequency by the equivalent of 0.056 km s −1 for the 6035-MHz transition and 0.079 km s −1 for the 6030-MHz transition [and even larger for transitions at 1665 MHz (0.590 km s −1 ) and 1667 MHz (0.354 km s −1 )]. Even single dish observations of many OH masers show suggestive Zeeman patterns, especially at 6035 and 6030 MHz Caswell 2003) , but high angular resolution is needed to explore the inhomogeneities of the magnetic field within the masing region. Only a handful of sites have been studied in this way at 6035 and 6030 MHz, most notably W3(OH), the strongest maser known at these transitions (Fish & Sjouwerman 2007 , and references therein).
OH maser maps at 6035 and 6030 MHz 1915
Maser sites 351.417+0.645 and 353.410−0.360 (using Galactic coordinates as source names) especially warrant high angular resolution, since the single dish spectral patterns at 6035 MHz are puzzling (Smits 1994; Caswell 2001 Caswell , 2003 . Furthermore, 351.417+0.645 rivals W3(OH) as the strongest OH maser of this type.
The Southern hemisphere Long Baseline Array (LBA) of the Australia Telescope National Facility (ATNF) has a correlator that allows high frequency (velocity) resolution over a total bandwidth spanning both 6035-and 6030-MHz excited-state OH transitions. Using only three stations, the angular resolution near 6 GHz is approximately 50 mas depending on source declination. This resolution is modest compared to that of the European very long baseline interferometry network or the Very Long Baseline Array in the USA, but is well suited to observations of masers at distances of a few kpc. Although not matched to the typical maser spot size (∼5 mas), the resolution does allow clear position discrimination between the numerous tight clusters of spots (of typical size <100 mas) commonly spread over a total extent that can exceed an arcsec for sources at distances of a few kpc.
LBA observations allow us achieve our major objectives of, firstly, testing whether the Zeeman pairs postulated from single dish observations can be verified, and secondly, exploring inhomogeneities of the magnetic field within each masing region. Our targets augment the sample of maser magnetic fields which have been mapped in similar detail, and considered in a broader Galactic context (Fish & Reid 2006) . With more studies like the present one, the existing meagre sample will soon be large enough to fulfil its potential for extensive Galactic magnetic field mapping.
O B S E RVAT I O N S
Observations were made over a 10 h period on 2001 January 4, using the three LBA stations: Parkes, Mopra and Narrabri. The antenna collecting area comprises a 22-m paraboloid at the Mopra site, complemented by the Parkes 64-m antenna, and five 22-m dishes of the compact array of the AT at Narrabri operated as a tied array (equivalent in sensitivity to a dish of 46-m diameter). The three stations yield baselines of approximately 119, 203 and 321 km, predominantly north-south. The S2 tape system recorded both right-and left-hand senses of circular polarization (RHCP, LHCP) simultaneously, with a bandpass centred at 6034 MHz, and limited to an 8-MHz bandwidth by a digital filter with excellent flat response in amplitude and phase. • 41 45. 5 were observed for 10-min periods interleaved with 5-min periods on the calibrator B1740−517. The calibrator flux density, in each polarization, at this epoch was 1.70 Jy (total intensity 3.40 Jy), a scale indirectly derived from B1934−638 (unpolarized, total intensity of 4.44 Jy, but resolved as a double source with east-west separation 50 mas in the LBA observations).
DATA R E D U C T I O N
The output from correlation of the signals from the two polarization channels was binned into 5-s integrations. One correlation pass for each baseline was required in order to achieve the high frequency resolution of 4096 channels across the 8-MHz band (channel separation 1.953 kHz = 0.097 km s −1 ). The AIPS reduction package was used for data processing, following general procedures described in Caswell (1997) . No smoothing was applied, so the final channel width resulting from the chosen weighting function is approximately 1.2 times the channel separation.
After initial inspection for data quality, the calibrator was used to derive first order phase and amplitude corrections to the target source observations, and this calibration also established the correct phase between RHCP and LHCP (and thereby ensures that their relative positions will be correct). The task CVEL was used to align channels to the same velocity, and allow for the varying Doppler correction arising from the Earth's motion during the observations, adopting values of 6035.0932 and 6030.7485 MHz for the rest frequencies (ter Meulen et al. 1976 ); less precise values of 6035.092 and 6030.747 MHz were commonly used in earlier astronomical work. Note that the data set with a specific velocity set to an integral channel for the 6035-MHz transition leads to a non-integral channel value for the same velocity of the 6030-MHz transition. Thus a trivially different additional data set was generated for the 6030-MHz transition, with different sampling so that a common velocity could be set to an integral channel number for both transitions, and allow more precise comparison of spectra at the two transitions. After perusal of spectra from each polarization, strong channels were selected, from which preliminary maps were made, using pixel spacing 6 mas.
Maps of the target sites using only the preliminary calibration show poor dynamic range due to quite large phase errors, and in the case of 351.417+0.645 did not allow an absolute position measurement whereas those of 353.410−0.360 were adequate to derive a value for the absolute position of the strongest features.
Exploratory maps were made using various strong individual features as a phase reference. After investigation of the quality of these exploratory maps, the best strong phase reference feature was selected for each target, and the final set of maps was generated. More details are given in the discussions of each target.
In addition to the LBA interferometric processing, data from Parkes, the most sensitive element of the array, were used to generate single dish spectra of both targets.
S I N G L E D I S H S P E C T R A F O R B OT H S I T E S
Spectra taken with the Parkes telescope at epoch 2001 September have been published for both sites (Caswell 2003) , and here we present comparable spectra taken contemporaneously with the LBA data, 2001 January. Fig. 1 shows the 6035 and 6030-MHz spectra of RHCP and LHCP for 351.417+0.645, and Fig. 2 is the same but with an expanded intensity scale to better display the weaker emission. All features are recognisably similar to those seen 9 months later (Caswell 2003) , with modest changes in the relative intensities. We caution that the polarization purity is not perfect in either data set and there may be several per cent 'leakage' i.e. a truly 100 per cent RHCP signal may show a few per cent response in the LHCP spectra and vice versa. The relative amplitude calibration of the two senses of circular polarization is also uncertain to several per cent. Similar defects in the interferometric data discussed later are smaller. Spectra for 353.410−0.360 are shown in Fig. 3 . (e.g. Caswell 1997; 2003) . In order to derive a best position estimate for the dominant OH feature, we averaged values derived during various observing sessions. This estimate of the position, at RA 17 h 20 m 53. s 38 and Dec. −35 • 47 01. 5, therefore has reduced uncertainty, although probably not better than 0.2 arcsec. The ATCA positions are from total intensity measurements (the average of orthogonal linear measurements). For our processing of the present LBA data, the dominant LHCP feature of 6035-MHz emission was then used as a phase reference to improve the phase calibration, using a modified version of the task PHSR. Calibration relative to this single strong feature maintains correct relative positions between polarizations and between transitions. The strongest emission at both polarizations for both transitions was subsequently found to agree quite precisely, a fact derived from analysis of the data and not imposed by the calibration procedure. It validates the assumption that the ATCA absolute position (which blends RHCP with LHCP) can be satisfactorily used for absolute position registration.
R E S U LT S F

Maser positions and spot maps
All data were recalibrated in phase using the task PHSR to apply the time-varying phase corrections derived from the chosen LHCP feature to both the RHCP and LHCP data, over the whole band and thus covering both transitions. For each spectral line channel, for both transitions, and for both circular polarizations, 'cleaned' maps were made over the velocity range −14 to −4 km s −1 . The cell size used was 6 mas, and the restoring beamwidth was 20 × 50 mas 2 (major axis at position angle 110 • ). The typical rms noise on a map was 20 mJy, allowing reliable detections of features as weak as 100 mJy, or weaker if present over several channels. At the few velocities where a strong feature exceeds 2 Jy, the detection of weak features at some positions is limited by dynamic range (owing to occasional 5 per cent sidelobe levels).
From the 'cubes' of the images of RHCP and LHCP at 6035 and 6030 MHz, the IMFIT task in AIPS was used to derive positions and flux densities for strong features, and all appear to be of small angular size (less than 20 mas) relative to the beamwidth. Parameters of the weakest features were taken from the values of peak pixel, since with a pixel size of 6 mas, this does not significantly increase the error.
The basic data of positions measured for 56 individual features are listed in of polarization, and then ordered by radial velocity within each group. Positions are given as offsets relative to the position of the feature used as a phase reference; for comparison of any feature with other absolute positions, note that 1s = 12.17 arcsec at this declination. Many coincidences occur between features of different polarization, and between the transitions, so that the total number of distinctly different positions is 23 (we treat any position offset of less than one-third of the major axis of the synthesized half-power beamwidth as a coincidence).
Comparison of the features with the spectra of Figs 1 and 2 reveals a direct correspondence, taking into account that many distinct features recognizable from the LBA maps are blended in the total spectrum. Furthermore, calibration differences between the single dish processing of spectra and the LBA processing of Table 1 lead to amplitude differences sometimes reaching 30 per cent. Some are in the sense that interferometer intensities exceed single dish intensities. A contribution to this effect can arise from the poorer polarization purity of the single dish measurement. Overestimation of interferometer intensities can also arise from the phase referencing procedure which corrects for phase drifts in the target observations but not in the calibrator observations. Counteracting these effects for some features are the partial resolution effects when multiple maser spots are present with separations slightly less than the synthesized beamwidth. We have not pursued these minor anomalies in greater detail since the precise absolute flux densities are not relevant to our investigation.
Remarkably, the 23 LHCP features at 6035 MHz all have matching RHCP features at the same position but shifted in velocity (with the exception of features 'i' and 'I' which are discussed later). They are all interpreted as Zeeman pairs. Five of these locations are a subset where Zeeman pairs at 6030 MHz are present. A map showing the distribution of maser spots is given in Fig. 4 , limited in extent to the region showing maser emission. This small region is shown in the context of the whole H II region by Caswell (1997) , clearly revealing that no maser spots lie outside the map displayed in Fig. 4 .
We now discuss each of the features, for which it is most convenient to use the Zeeman label from the comments column of Table 1 . In discussion of velocity comparisons for different spots, we use mean velocities of Zeeman pairs. both coincident with the reference position. The velocity of Z 1 is close to the velocities of Z 5 and Z 24 , but distinct; the magnetic fields are similar.
Z 2 : this is spatially isolated from any other spots.
Z 3 and Z 4 : these Zeeman pairs are spatially close but distinct. The fields are similar and, in contrast with the majority of Zeeman pairs, positive. They lie in a northern region of the map where positive fields (away from us) predominate, and no 6030-MHz emission is detectable.
Z 6 : this is another of the northern spots with positive magnetic field. All spots south of this position reveal negative fields.
Z 7 and Z 8 : two more northern spots showing positive magnetic field. Z 7 has strong roughly equal amplitudes in RHCP and LHCP and has been recognized even on single dish spectra (see Section 5.3).
Z 9 : the LHCP and RHCP components of this 'pair' are weak, with velocities not distinguishably different, so might be merely a partially polarized single feature. However, there are several other quite low values of magnetic field in this northern region (dominated by positive fields), supporting our interpretation of Z 9 as a low-field pair.
Z 10 : this lies south of the 'boundary' where all pairs show negative fields.
Z 11 , Z 25 and Z 16 : the first two of these Zeeman pairs, at 6035 and 6030 MHz respectively, coincide spatially and in velocity, mutually corroborating a similar field. Z 16 is very close spatially, displays similar magnetic field, but is at a measurably different velocity.
Z 12 : this northerly site is the only negative magnetic field in an otherwise positive magnetic field region. The component intensities are weak, but strong enough to be reliable; the magnetic field is weak. Z 22 and Z 23 : these are the remaining northern sites in the region of positive magnetic field.
Magnetic field, morphology with respect to continuum, velocities and kinematics
In their discovery paper of the 6035-MHz emission from 351.417+0.645, Gardner, Ribes & Goss (1970) remarked that the two strong features appeared to be a Zeeman pair, consistent with the −5 mG field inferred from several other transitions, including 1665, 1667 and 1720 MHz. Knowles, Caswell & Goss (1976) showed that a pair of features at the 6030-MHz transition also fitted this pattern. The first realization of a field 'reversal' in this source was noted by when they observed with much higher sensitivity than previously and recognized features that we list as Z 7 , indicative of a positive magnetic field, and also readily seen as a Zeeman pair on the single dish spectrum of Fig. 2 . An ATCA maser spot map of modest angular resolution (2 arcsec) and with no polarization information (Caswell 1997) showed that velocity features now seen to represent Z 7 correspond to the maser spots at the most northerly location. This is in good agreement with the much more detailed present observation. According to our present maps, additional weak features that trace positive magnetic field also remain confined to only the north of the overall distribution, corresponding to larger Galactic longitude. There is no detectable 6030-MHz emission in this northern region. All 6030-MHz features have 6035-MHz counterparts that are mostly stronger, but a few are of only comparable intensity. Physical conditions which may discriminate between masering at the 6030 and 6035-MHz transitions have been explored by Pavlakis & Kylafis (2000) and by Cragg, Sobolev & Godfrey (2002) . From Pavlakis & Kylafis (2000) , it appears that 6035-MHz masers with no accompanying 6030-MHz emission may arise from lower density regions, but improved modelling (Cragg et al. 2002) does not confirm this. Clearly, more theoretical modelling is needed since the observational result that 6030-MHz emission sometimes exceeds the brightness of 6035-MHz emission (Caswell 2003) is not accounted for in the parameter space explored by Cragg et al. (2002) .
Several radio continuum maps of the associated ucH II region, NGC 6334F, have been published (e.g. Ellingsen, Norris & McCulloch 1996; Caswell 1997; Argon, Reid & Menten 2000) , with maser positions of various species superposed. All maps show an elliptical outer boundary of emission, with major axis roughly perpendicular to the Galactic plane, of full width 8.5 arcsec and minor axis approximately 5 arcsec. The superposition of part of the H II outer boundary on Fig. 4 shows that the masers are concentrated just within this north-western part of the H II boundary, coinciding with the strongest continuum emission. It confirms the cruder mapping of 6035-MHz masers and methanol 6668-MHz emission performed with the ATCA (Caswell 1997) , which showed, in addition, that the strong methanol maser features are intermingled with the 6035-MHz features.
We now explore whether any order is present in the velocity field of 6035-and 6030-MHz maser spots over the total extent of their distribution, 2.5 arcsec in Dec. and 1.35 arcsec in RA. The fact that all the emission occurs in Zeeman pairs means that each of the 23 distinct locations can be assigned a true velocity, defined as the mean of the apparent velocity seen in the RHC and LHC polarized features of each Zeeman pair. However, since the Zeeman splitting causes only small velocity offsets, we choose to plot the velocities of individual Zeeman components, and the display thus retains information on the magnetic field. The velocities are displayed as a function of Dec. and of RA in Fig. 5 . No simple pattern can be seen. In particular, velocities in the southern region of negative magnetic field span −11.2 to −7.5 km s −1 , almost fully overlapping those in the northern region with positive magnetic field, which span −10.2 to −5 km s −1 . A weak indication that the more negative velocities occur at smaller RA (alternatively characterized as closer to the ucH II region outer boundary) is too uncertain to merit an interpretation.
Earlier 6035-and 6030-MHz data
No studies dedicated to variability of masers at the 6035-MHz OH transition have been made but concluded from a review of existing data that many of the masers show variability as great as 50 per cent over 20 yr, whereas over a 6-month period the changes are usually less than 10 per cent. As they remark, 351.417+0.645 (subject to modest changes caused by variability) vies with W3(OH) as the strongest known maser at 6035 MHz. From the single dish data, Zeeman pairs were evident centred at a velocity of −10.5 km s −1 (the strongest emission), −11.15, −8.65 and −8.0 km s −1 , all showing negative magnetic field, and one, at −9.7 km s −1 , showed a positive field. All of these remain visible 7 yr later but, whereas the strongest pair and the pair at −8.65 remain approximately unchanged, the −11.15 pair is now stronger, the pair at −9.75 (with reversed field) is now weaker, continuing the trend noted between 1993 September and 1994 March; and the pair centred at −8.0 km s −1 is now so weak as to be barely distinguishable.
An early observation of 351.417+0.645 at 6035 MHz with the NRAO 140-ft dish (Zuckerman et al. 1972) showed the same major features; however some remarkable transient features in the velocity range −6 to −4 km s −1 were reported for a 2-h period, but were absent 2 d earlier and 1 d later. Subsequent observations, including the present ones, have also failed to detect them. The discoverers were concerned that the transient features might be spurious but could find no explanation that would attribute them to equipment problems. None the less there remains serious doubt that these were real, particularly because the whole set of transient lines looks identical (to within the noise uncertainties) to the four strong welldocumented features, but shifted in frequency by about 100 kHz and at about half their amplitude. We suggest that a possible cause could be that the local oscillator system was alternating between its correct locked frequency and a nearby free-running frequency, a problem that had been experienced at several observatories in that era. The issue is important since, if real, the varying features would be the most highly variable ever detected from this transition and could be a key constraint in any explanation of variability. If spurious, an erroneous constraint, that the postulated mechanism for variability must allow such very rapid changes, could be quite misleading in perhaps eliminating from consideration the true cause of the variability. We conclude that, most likely, the variability was spurious and should be disregarded unless similar behaviour is seen at some future time.
Comparison with other OH transitions
Strong maser emission is present at the 1665-, 1667-and 1720-MHz OH ground state transitions, all of them observed by the Very Large Array at resolution of a few arcsec (Gaume & Mutel 1987; Forster & Caswell 1989; and Argon et al. 2000) , with positions from the different projects in mutual agreement to better than 1 arcsec. Only the observations by Argon et al. (2000) recorded both circular polarizations at high spectral resolution, channel separation of 0.14 km s −1 . Fish et al. (2003) assessed these observations for the presence of Zeeman pairs and found a Zeeman pair at each transition, yielding field estimates of −5.3 mG (1665 MHz), −2.2 to −5.2 (1667 MHz) and −3.1 mG (1720 MHz). The last of these would become −6.2 mG if a more commonly adopted splitting coefficient had been used. At 1720 MHz, even the single dish spectrum allows an excellent estimate of the Zeeman splitting since the total emission is dominated by a single Zeeman pair, yielding a magnetic field of −6.6 mG (Caswell 2004) . The Zeeman pairs identified by Fish et al. (2003) from the Argon et al. (2000) data all have locations among the cluster of southern maser spots seen in our 6035-and 6030-MHz data, where the field is typically −4.3 mG.
We investigated the Argon et al. (2000) data to see whether a region of reversed field might be recognizable with hindsight. It appears that, at 1665 MHz, in a northern region, a RHCP feature of approx 4.3 Jy at −7.79 km s −1 , and LHCP slightly weaker, 2.54 Jy at −11.89 km s −1 may represent a Zeeman pair, and likewise a RHCP feature of 3.13 Jy at −8.05 km s −1 with LHCP feature 3.91 Jy at −11.01 km s −1 may be another one. The mean velocities are −9.83 and −9.43 km s −1 , and apparent Zeeman splittings of 4.12 and 2.76 km s −1 correspond to fields of +7.0 and +4.7 mG. Since the components overlap in velocity, and even more so spatially with the beam size of 3.6×1.5 arcsec 2 , we might alternatively average the components at the two locations in which case the mean velocity is −9.63 km s −1 and magnetic field +5.85 mG. This is also recognizable in the Gaume & Mutel (1987) data, despite more blending because of their lower velocity resolution (1.1 km s −1 compared to less than 0.3 km s −1 ), RHCP 10 Jy at −7.8 and LHCP 5.7 Jy at −11.1 km s −1 . We conclude that there are most likely at least two Zeeman pairs present at 1665 MHz which correspond to our region of positive magnetic field in the north, most obviously matching our Zeeman pair Z 7 with field +4.6 mG and mean velocity −9.63 km s −1 .
Other properties of the site
As noted in Section 5.3, the maser site 351.417+0.645 coincides with a prominent ucH II region, often designated NGC 6334F, lying in an optically visible H II complex estimated to be at a distance of 1.7 kpc (Neckel 1978) . This places it in the nearest portion of the Carina-Sagittarius spiral arm, and the maser velocity yields a kinematic distance in agreement with this. At this distance, the ucH II region discussed in Section 5.3 is one of the strongest known and near the upper limit in size of H II regions described as ultracompact. Fig. 4 shows that the 6035-and 6030-MHz masers are concentrated just within the north-western boundary of the H II, intermingled with strong 6668-MHz methanol maser features (Caswell 1997) . At roughly one-third the intensity of the 6668-MHz methanol emission, there is strong maser emission from methanol at the 12-GHz transition , and there is much weaker maser emission at the 107-GHz methanol transition . Associated 22-GHz water maser emission is also intermingled with the OH masers (Forster & Caswell 1989 , 1999 , with additional emission that appears to have been ejected to the north-west.
The dense molecular cloud associated with the H II region and the masers is clearly detected from deep absorption of OH at both 1667 and 1665 MHz, readily seen in the spectra of Caswell & Haynes (1983) in the velocity range 0 to −9 km s −1 , and probably extending to more negative velocities beneath the maser emission which obscures it. 
R E S U LT S F O R
A reference feature and its absolute position
As noted in Section 3, at this target site the initial maps of a few strong spectral features, without self-calibration or phase referencing, were of sufficient quality to measure absolute positions. The quality of the maps can then be improved if one of these strong positions is used as a phase reference, using a modified version of the task PHSR.
To choose a position reference feature, we require one that is not confused by features that are adjacent in position or velocity. Our expectation was that the LHCP emission seen at velocity −21.7 km s −1 on the 6030-MHz transition would be most suitable since not only is it one of the strongest features, but also the spectrum of Fig. 3 shows no perceptible broadening of its narrow Gaussian profile and there is negligible RHCP emission at this velocity.
This choice was validated by our exploration of the consequences, which led to maps showing excellent beam-shaped responses, the expected signal-to-noise ratio for all maser spots and the result that, essentially coincident with the reference feature, are the 6035-MHz peaks at −22.5 km s −1 (RHCP) and −21.9 km s −1 (LHCP) and the strong 6030-MHz RHCP feature at −22.5 km s −1 . An ATCA measurement of the 6030-MHz reference position (Caswell 2003 ) is available, together with a position for the 6035-MHz matching feature and the position for a different, bright, 6035-MHz feature (Caswell (1997 We show later that the other bright 6035-MHz feature is south by 0.132 arcsec, i.e. at Dec. −34
• 41 45. 61.
Maser positions and spot maps
Note that our recalibration in phase relative to a single strong LHCP 6030-MHz feature (using a modified version of the task PHSR) maintains correct relative positions between polarizations and between transitions. From the recalibrated data set, 'cleaned' maps were made over the velocity range −26.0 to −16.5 km s −1 , of each spectral line channel for both transitions, and for both circular polarizations. The cell size used was 6 mas, and the restoring beamwidth was 18 × 70 mas 2 (major axis at position angle 120 • ). The typical rms noise on a map was 7 mJy, so that reliable detections are possible for features as weak as 50 mJy. At the few velocities where a strong feature exceeds 1.5 Jy, the detection of weak features at some positions is limited by dynamic range (owing to occasional 3 per cent sidelobe levels).
Source finding within the RHCP and LHCP 'cubes' at 6035 and 6030 MHz followed the same procedure as for 351.417+0.645 (Section 5.2). The basic data of positions measured for 24 individual features are listed in Table 2 , in the same layout as for Table 1. Note that 1s = 12.33 arcsec at this declination. Comparison of the features with the spectra of Fig. 3 reveals a clear correspondence, bearing in mind that many distinct features recognizable from the LBA maps are blended in the total spectrum.
The locations of all positions listed in Table 2 are plotted on the map of Fig. 6 , revealing a total extent of 0.5 arcsec. Because there are many coincidences between features of different polarization, and between the transitions, the total number of distinctly different positions is about 10 (using offsets of less than about one-third the major axis of the synthesized beam as the criterion for coincidence). In the following notes, we first discuss the Zeeman pairs, and then the features that do not form obvious Zeeman pairs.
Z 1 : this is interpreted as a Zeeman pair, with both individual component amplitudes strong, but differing by a factor of 4, and with clearly defined magnetic field of −4.8 mG. The location of Z 1 is close to Z 2 and Z 8 , but the mean velocity of Z 1 is quite different from that of Z 2 and Z 8 . suggesting that the gas responsible for emission is not precisely the same at the two transitions. A stronger magnetic field is often assumed to indicate a region that has collapsed to a higher density (with magnetic flux frozen in) and this may suggest that the 6030-MHz emission is weighted towards an adjacent higher density region.
Z 3 and Z 9 : the components of Z 3 differ in amplitude by less than a factor of 2 and the 6035-MHz LHC(e) component is the strongest feature within the whole maser site. The separation of LHC and RHC is too small to measure with our velocity resolution, and normally we would not describe this as a Zeeman pair, but simply a partially polarized single feature. However, a very weak field in the vicinity is supported both by the matching Z 9 pair at 6030 MHz and the low fields of −1.4 and −1.6 mG nearby. Z 4 and Z 5 : these two Zeeman pairs at 6035 MHz have quite strong component amplitudes. Both pairs indicate a low magnetic field and are spatially close to the previous low field pair, Z 3 and Z 9 .
Z 6 : this low magnetic field location, with quite weak components, is at the north-west of the map, slightly nearer the centre of the ucH II region than all other features (which lie close to the projected boundary). We now consider the apparently unpaired components. Fig. 6 : this is an unpaired 6035-MHz feature, with velocity −21.96 km s −1 . It lies very close to the 6030-MHz feature LHC(b), already discussed in the context of Z 7 . We note that if there were a weak Zeeman companion to the 6035-MHz LHC(b), in a field of −10.6 mG the companion's velocity would be −22.52 km s −1 (or −22.43 km s −1 in a field of −8 mG), and therefore likely to be confused by the strong 10.32-Jy feature 6035-MHz RHC(A) at −22.43 km s −1 . Thus a likely explanation of the apparently unpaired feature LHC(b) is that it has a weak RHCP counterpart that is confused. Fig. 6 : these features lie almost close enough to be interpreted as a Zeeman pair, but that would imply an unprecedented large positive field, +44 mG, which seems unlikely. We explored alternative interpretations in which they each exist in somewhat smaller negative fields, with each having a Zeeman partner confused by stronger emission from other features. There are no clear candidates, and their putative partners are required to be too weak for detection. 5C and 0C in Fig. 6 : these are very close, and our sensitivity is insufficient to show any LHC features with which they might form Zeeman pairs.
6035-MHz LHC(b), labelled 5b in
6035-MHz LHC(d) and RHC(G) labelled 5d and 5G in
6035-MHz RHC(C) and 6030-MHz RHC(C) labelled
6030-MHz LHC(a) :
this feature lies at the position of the very strong Zeeman pairs near the reference feature, but at a different velocity, −22.35 km s −1 . We note that if it were the component of a Zeeman pair matching Z 1 with field −4.8 mG, its RHC partner would be at velocity −22.73 km s −1 . There is no strong 6030-MHz RHC emission here, so this interpretation requires the putative Zeeman partner to be much weaker than the LHC(a) peak of 0.29 Jy.
Magnetic field, morphology with respect to continuum, velocities and kinematics
As remarked earlier, four Zeeman pairs at 6035 imply magnetic fields near −1 mG, one of them corroborated by a matching 6030-MHz Zeeman pair. The low field strength is similar to that inferred from the ground state of OH at 1665 and 1720 MHz. At three locations (one at 6035 MHz, another at 6030 MHz, and a third at both 6035 and 6030 MHz), a much larger field is present, between −10.6 and −4.8 mG; there are no indications of any field reversal.
In the region of high magnetic field, there is near-coincidence of 6030-and 6035-MHz emission both spatially and in matching Zeeman characteristics of velocity and comparable magnetic field. This conforms to expectations that these transitions require similar excitation conditions. Two strong 6030-MHz features have brightness slightly exceeding that of corresponding 6035-MHz features. Modelling by Pavlakis & Kylafis (2000) could account for these as emanating from higher density regions than where 6035-MHz emission is much stronger than 6030-MHz emission. However, as noted in 5.3, such an inference is not corroborated in the later modelling by Cragg et al. (2002) .
Several radio measurements of the associated ucH II region have been published (e.g. Caswell 1997; Argon et al. 2000; Forster & Caswell 2000) , with maser positions of various species superposed. The different beam sizes, some insensitivity to larger scale structure, and absolute pointing uncertainties approaching 0.3 arcsec combine to cause significant differences of detail between the continuum maps. However, they are all compatible with a roughly circular outer boundary centred at approximately RA 17 h 30 m 26. s 13, Dec. −34
• 41 44. 7, with diameter at least 3 arcsec. This is too large to show in our maser map of Fig. 6 , the boundary passing near the lower left map corner (i.e. through +0.3 arcsec, −0.3 arcsec) at position angle approximately +45
• . The 6035-and 6030-MHz masers lie just within the steepest intensity contours of the outer boundary. The 1665-MHz masers are depicted by Argon et al. (2000) , as lying outside the continuum boundary, but this is probably an indication of larger errors for maser positions at 1665 MHz owing to the larger beam, combined with the low-elevation observations where ionospheric effects degrade absolute positional accuracy at low frequency.
The velocity field of 6035-and 6030-MHz maser spots is displayed in Fig. 7 . There is no compelling evidence of any systematic velocity gradient in either RA or Dec. over the small spatial extent of the masing region.
Earlier 6035-and 6030-MHz data
The first published spectra for 353.410−0.360 at 6035 MHz were recorded 1994 March (Smits 1994; and subsequent spectra have shown the same spectral features (Caswell 1997 (Caswell , 2001 (Caswell , 2003 . The 6030-MHz spectrum was first observed by Smits (1994) , with later spectra taken in 1999 (Caswell 2001 ) and 2001 September (Caswell 2003) . The present spectra from 2001 January (Fig. 1 ) resemble those taken earlier and those slightly later. Smits first noted the 6030-MHz Zeeman large magnetic field pair, and the close match to 6035 MHz is remarked on by Caswell (2001) .
The new data confirm that the RHCP and LHCP components of the putative Zeeman pairs are indeed coincident, with each other at both 6035 and 6030 and at both transitions. Also, we now see that there is more than one masing spot position with high magnetic field, at both 6035 and 6030 MHz. We also confirm earlier suspicions that the slightly larger width of the 6035 features is due to blending of several features, and the offset in mean velocity of 6030-and 6035-MHz Zeeman pairs seen with a single dish is caused by the blending of pairs that have different velocities, and different relative intensities at the two transitions.
We confirm the reality of Zeeman pairs in the low magnetic field regions, where the single dish observations were suggestive but not conclusive. We find that the high magnetic field region is quite close to the low magnetic field region in position as well as velocity.
Comparison with other OH transitions
Maser emission at the 1665-MHz OH transition is present (Caswell & Haynes 1983) but there have been no detections of OH at the 1612-or 1667-MHz transitions (Caswell 1999) . Although no maser has been detected at the 1667-MHz transition, there is clear absorption against the host HII region in the velocity range −22 to −15 km s −1 , and this has a counterpart seen at 1665 MHz except where the narrow maser features confuse the single dish spectrum. Strong 1720-MHz maser emission is present at −19.5 km s −1 and recognizable as a Zeeman pair (Caswell 2004) .
We note that the average of 1665-and 1720-MHz positions, where several independent estimates are available with typical 
Other properties of the site
The near kinematic distance estimate cited by Forster & Caswell (1989) is 4.5 kpc, which becomes 3.8 kpc if a Galactic Centre distance of 8.5 kpc is assumed; (a possible 'far distance' three times more distant is thought less likely, but is not excluded). This places it most likely in the nearest portion of the Crux-Scutum spiral arm, and at a distance where the ucH II region discussed in Section 6.3 is near the upper limit in size of H II regions described as ultracompact, and probably at an evolutionary stage similar to the ucH II region at 351.417+0.645 and W3(OH).
We finally remark on other maser species associated with the site. In addition to the presence of a methanol maser on the 6668-MHz transition as already discussed, there is a strong methanol maser at the 12-GHz transition with similar spectrum that also peaks near −10 km s −1 and, at much lower intensity, maser emission at the 107-GHz methanol transition . At both 12 and 107 GHz, which are less confused by strong maser emission, it is also possible to see prominent absorption, similar to that seen in the ground state OH spectra, and matched by broad thermal emission (but no maser) at the 156.6-GHz methanol transition . At least six sites of water maser emission lie in the vicinity (Breen et al. 2010; Forster & Caswell 1989 , 1999 . However, even the closest is offset by more than 7 arcsec, at RA 17 h 30 m 26. s 78, Dec. −34
• 41 46. 6 (1.8 Jy peak at velocity between −7 and −5 km s −1 ), and a stronger one better matches in velocity, −20 km s −1 , but is offset nearly 10 arcsec. The water maser sites apparently lie in the same SFR cluster but correspond to quite distinctly different star-forming sites.
C O M PA R I S O N W I T H OT H E R M A S E R S I T E S A N D T H E G A L AC T I C M AG N E T I C F I E L D
The prominent ucH II regions associated with both 351.417+0.645 and 353.410−0.360 have expanded to sizes which are amongst the largest associated with maser emitting regions in SFRs, suggesting that these two regions are approaching the end of the maser-emitting phase. In many respects, 351.417+0.645 resembles the Galactic maser site W3(OH) (see e.g. Fish & Sjouwerman 2007) . In particular, they lie at similar distances, the radio continuum emission is of similar intensity (several Jy) and extent (several arcsec), OH maser emission from the main line transitions at the ground state and excited state ( 2 3/2 , J = 5/2) is among the strongest known, as is methanol maser emission at the 6668-MHz and 12-GHz transitions. Specifically comparing the 6035-MHz emission, noted that 351.417+0.645 was the stronger of the two at the observing epochs then available. Fish & Sjouwerman (2007) remark that the intensity of W3(OH) had increased between 1994 (Desmurs et al. 1998) and their 2006 observations by as much as a factor of 4, but this should be corrected to a factor of 2 since the scaling convention of Fish & Sjouwerman (2007) , contrary to common usage, defines total intensity as the average (not the sum) of the RHC-and LHC-polarized flux density. Strong variability certainly occurs, but 351.417+0.645 and W3(OH) have always been the two strongest 6035-MHz masers so far detected.
At both sites, there is a dominant magnetic field direction over most of the site and a smaller region of opposite field. The dominant magnetic field direction in both cases corresponds with the expected direction for a Galactic magnetic field that is clockwise (viewed from the North Galactic Pole) and compressed during star formation. It has been suggested that, despite some contrary measurements, a Galactic magnetic field of this form generally dominates the magnetic field in the Galactic disc (e.g. Reid & Silverstein 1990; Fish et al. 2003) . The contrary measurements are sometimes loosely described as 'field reversals' but this terminology exaggerates the discrepancy with the uniform clockwise field. Reid & Silverstein clearly emphasize that the fields derived from Zeeman splitting of masers are measurements of the full magnitude, together with information as to whether the lineof-sight component is towards or away from the observer. Thus for example a field predominantly perpendicular to the line of sight may be perceived as towards us or away from us merely because of a deviation of ±20
• from its predominant direction. In particular, a clockwise field direction viewed near Galactic longitude 350
• will have only a small component towards us; a deviation of only 20
• may change this to a small component away from us but would not alter the fact that the predominant field remains in the sense of clockwise Galactic rotation. Within a source, an apparent field 'reversal' may likewise be accounted for by a small deviation in direction.
The model Galactic clockwise field direction is only slightly inclined to the line of sight in the case of 351.417+0.645, and more so in the case of W3(OH), at Galactic coordinates 133.947+1.064. A simple model for field compression during star formation was described by Bourke et al. (2001) and further explored by Fish et al. (2003) . If the field (assumed to be initially linear) is constrained to the roughly spherical boundary between an H II region and its surrounding molecular cloud, this readily explains the occurrence of a small domain within which the field on the front hemisphere of the shell changes from its dominant value to the opposite sign. In the case of 351.417+0.645, the dominant field is expected to be negative at smaller Galactic longitude, with the possibility of a change to positive field at larger Galactic longitude. For W3(OH), the dominant field is expected to be positive over most of the region, perhaps changing to negative for the region at larger Galactic longitude. Both sites conform to this pattern but it is clear that this model, although illustrative, is over-simplistic since even the projected appearance of the H II is not circular. Fish & Sjouwerman (2007) direct most of the analysis of their W3(OH) results to the kinematics, but remark that the magnetic field 'reversal' may indeed be compatible with the Bourke et al. (2001) model.
We note that the maser site 351.775−0.536, which is close to 351.417+0.645 and believed to be at similar distance, also exhibits a magnetic field 'reversal' (Caswell 2004; Fish & Reid 2006) . However, in 351.775−0.536 the positive field is at smaller Galactic longitude. The disagreement with the simplistic bubble model in a Galactic clockwise field could arise if the maser emission arose in the far hemisphere rather than the near hemisphere of a bubble; the common expectation of maser emission preferentially from the near hemisphere may be unfounded for a site such as this where there is no significant H II region. Alternatively, as opposed to the bubble that is plausibly present around a well-formed H II region, we might even expect a pinched waist in the field lines before any expanding H II region is detectable; this could account for the 'reversal' if emission is from the surface closest to us.
Statistics on the occurrence of field 'reversals' within OH maser sites have been chiefly limited to lower frequency studies, at 1665 and 1667 MHz, specifically 18 fields studied with the VLBA (Fish & Reid 2006) , which can be supplemented by southern LBA observations of three additional sources (Caswell & Reynolds 2001; Caswell, Kramer & Reynolds 2009; . The additional sources support the remark by Fish & Reid (2006) that reversals are not common, and when they do occur they are confined to a clearly demarcated region. Our present 6-GHz OH study of 351.416+0.645 also corroborates this finding, as does our study of 353.410−0.360 where we see no field reversals (Section 6), and agreement in the sign of the field with the clockwise Galactic magnetic field. Fish & Reid (2006) draw the inference that the rarity of reversals supports models of 'ordered' collapse during massive star formation, with preservation of magnetic field direction. If so, we note that this then implies that the energy density of the magnetic field is sufficient that the field has greatly influenced the collapse, a conclusion also reached by Asanok et al. (2010) from somewhat different considerations of their observations of masers in S140.
C O N C L U S I O N
The present study at high angular and spectral resolution, of the 6030-and 6035-MHz transitions of OH, yields reliable measurements of magnetic field at two maser sites. These add to only a handful previously studied in these transitions which can provide such rich diagnostic information. The interpretation of earlier single dish data for 351.417+0.645 and 353.410−0.360 with regard to likely Zeeman pairs and magnetic field values (including sign) are broadly confirmed. We thus reinforce previous evidence (e.g. Fish & Reid 2006 ) that the large body of single dish data can be legitimately used in preliminary studies of the Galactic magnetic field, pending the acquisition of spatially resolved data.
351.417+0.645 shows a magnetic field 'reversal', but the field is predominantly towards us (negative) and the 'reversal' is confined to a small discrete domain. 353.410−0.360 shows a large range in magnetic field strength, but all of same sign, again, negative. These ordered structures in field direction within each source support the concept of ordered collapse during star formation, in turn suggesting that the energy density of the magnetic field is sufficient to greatly influence the collapse. The sign of the magnetic field, negative (towards us), in this region of the Galaxy is the same as expected if the field arose from compression of an ambient field that lay in the same direction as Galactic rotation, clockwise as viewed from the North Galactic Pole.
